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rivers, the most significant impact was a modification of the flow regime from free-flowing river to stagnant lake ecosystem, which resulted in longer water residence time in the weir regions. These flow modifications altered the thermal regime [5] , nutrient compositions of nitrogen and phosphorus [6] , and levels of dissolved oxygen [7] [8] . The increase in area of the lacustrine zone due to increased residence time resulted in changes in the composition of the phytoplankton community from diatoms to blue-green algae, with frequent algal blooms [9, 10] .
Regional studies in weir regions showed that the non-native species Pectinatella magnifica colonized the stagnant waters that were newly created in the four major rivers and that sediments, which are critical for maintaining physical processes and downstream habitats, were trapped by the weirs [11] . These studies showed that the trapped sediments contained numerous heavy metals and persistent organic pollutants, which indicates chemical pollution of the habitats [12] . Furthermore, construction of the weirs blocked fish migration (e.g., of eels) and separated the spawning habitats of some species from their rearing habitats in the region [13] [14] [15] [16] . In addition, composition shifted from running-water fish species to lentic fish. Population sizes of Erythroculter erythropterus and the invasive species Micropterus salmoides increased greatly [17, 18] , creating a species imbalance in the ecosystem. Ultimately, the construction of the weirs in the four major rivers resulted in massive fish kills in the G-R, N-R, and Y-R due to oxygen depletion in the bodies of water.
To counter these multiple ecological impacts, artificial fishways were constructed in the weir regions to connect the upstream and downstream aquatic ecosystems [9, 19] . Some studies have indicated that various fishways constructed without much consideration for ecology and fish movement/migration have become dysfunctional and unnecessary [20] . Their effectiveness has been further diminished by the lack of studies on fish species using the fishways and continued monitoring. For these reasons, fishway monitoring is required for fish passage assessments.
Studies monitoring fishways have primarily been conducted in the United States, Canada, and Australia [21] [22] [23] [24] . A representative example is the monitoring of fish using a fishway through visual monitoring and video recording, but a significant limitation of these techniques is that visibility varies greatly depending on the turbidity or transmittance of the water [25] . The mark-recapture method involves capturing fish and marking them by removing part of the fin, then studying the movement of released and recaptured fish [26] . However, fish are highly mobile, which makes this method inefficient, as the probability of recapturing marked individuals is low. Another frequently used monitoring technique is acoustic telemetry, in which an ultrasonic transducer (PIT tag) is attached inside the fish and its movement is tracked by following signals using a hydrophone [27] [28] [29] [30] . The disadvantage of this technique is that it is very costly and thus not suitable for large projects that cover a wide-ranging body of water [31] [32] [33] . However, the installation of a trap inside a fishway for monitoring purposes enables more precise surveying of fish species and the number of individuals using the fishway at a low cost [25] .
Fishways can be categorized as pool, vertical slot, and denil types [34] . The ice harbor fishway is a version of the pool fishway [35] . The structure of an ice harbor fishway consists of overflow and non-overflow sections. The space between the walls is in the form of a pool, which offers a resting space for the fish. The lower area of each overflow section has orifices that facilitate the passage of benthic fish. The installation of ice harbor fishways in Korea was at approximately 8% in the initial period of construction in 2010, increased to 51.4% by 2016, and has continued to increase [36] . Overseas studies on ice harbor fishways have mainly focused on predicting long-distance migration [37] . In Korea, studies have been conducted on hydraulic and hydrological characteristics [20, 38] and on monitoring techniques and their applications to multifunctional weir fishways [16, 35, 3941] . However, few comprehensive evaluations or comparative studies on fish passage efficiency have been conducted.
In this study, we investigated fish community structures and movement characteristics upstream and downstream of three weirs in the G-R, Y-R, and N-R watersheds. We analyzed seasonal variation in fish movement, the passage patterns of specific fish species, and fish length distribution in the fishways. In addition, we compared water quality and ecological health assessments based on the index of biological integrity (IBI) conducted upstream of the weirs. We developed a multimetric fishway assessment model based on the approach reported by Choi et al. [41] to evaluate fish passage efficiency in fishways to perform an integrated assessment of the efficiency of ice harbor fishways in Korea.
Material and Methods

Watershed Sampling and Sampling Sites
The sampling sites selected were three artificial weirs in the watersheds of the G-R, Y-R, and N-R (Fig. 1) . These weirs were built through the government's Four Major Rivers Restoration Project, which began in July 2009 and was completed in April 2012. The G-R watershed, with Gongju Weir (G j -w), has a total waterway length of 397.79 km and a basin area of 9,911.83 km 2 , across which a total of three artificial weirs were constructed through the project. The G j -w, which is located in the city of Gongju, Chungcheongnam-do Province, has a height of 7 m and length of 280 m. It is a movable weir equipped with a lift gate and a bottom-hinged flap gate. The left bank Fish Community Dynamics in the Artificial... contains a hybrid-type fishway, whereas the right bank contains an ice harbor fishway (6 m wide × 140 m long) directly connected to the artificial weir and a microhydropower plant installed alongside the ice harbor fishway. The watershed of the Y-R, with Juksan Weir (J s -w), has a total waterway length of 136.0 km and a basin area of 3,371.4 km 2 . The J s -w, which is located in Naju, has a height of 4.85 m and a total length of 172 m. It is a movable weir equipped with a shell-type roller gate. Its fishway is not directly connected to the movable weir, and around 250 m upstream on the right bank there is an ice harbor fishway (5 m wide × 104 m long) connected to the old river channel, which is structurally designed to allow fish to travel through it. The watershed of the N-R, with Dalseong Weir (D s -w), has a total waterway length of 521.5 km and a basin area of 23,717 km 2 . The D s -w has a total length of 397 m; it is composed of a fixed weir (277 m) and a movable weir with a rising sector gate (120 m). The left bank contains a natural-type fishway, whereas the right bank contains an ice harbor fishway (7 m wide × 104 m long), which is directly connected to the movable weir and located toward the center of the river. A micro-hydropower plant is located on the right bank.
Fish Sampling in the Rivers and Fish
Trap Monitoring
Fish were collected in the areas upstream and downstream of the weirs using a casting net (7 × 7 mm), a kick net (5 × 5 mm), and a fyke net (5 × 5 mm), the most popular fish sampling gear in Korea. Monitoring was conducted using the wading method described by the Ministry of Environment/National Institute of Environmental Research [42] . For each sampling site, the sampling distance was set to 200 m. The duration of sampling with the casting net and kick net was limited to 50 min for the catch per unit effort (CPUE); the fyke net was set and checked after 24 h. The stream order was determined using a 1:120,000-scale map based on the method described by Strahler [43] , and the collected fish were identified onsite based on Kim and Park [44] . Species that could not be easily identified were fixed in a 10% formaldehyde solution, transported to the laboratory, and identified. Fish less than 20 mm in total length were excluded from the count.
Monitoring for each fishway was conducted by installing a trap in the fishway and directly collecting fish onsite. The traps used for the inspection were assembled from stainless steel frames of 1.0 m (width) × 1.0 m (length) × 1.0 m (height), whereas the trap used in the Y-R fishway was 0.8 × 1.5 × 1.0 m, in line with the size of the fishway. The nets inside the trap were constructed of 4 × 4 mm mesh to collect fish regardless of size. In addition to collecting fish swimming from downstream to upstream of the weir through the fishway, the entrance of the trap was designed to be unidirectional in shape. A total of five traps were installed in fishways of the G-R watershed, three in fishways of the Y-R watershed, and four in fishways of the N-R watershed; all were set and monitored over 24 h. The sampling period was from April to October 2016, during which a total of five investigations were conducted to monitor whether the type of fish passing from downstream to upstream through the fishways differed by sampling period. Furthermore, to determine whether the location of the trap affected the number of fish caught, the fish collected from each trap were recorded separately, and the total length and weight of each fish was measured. In addition, a flow meter (Flowatch, JDC Electronics, Yverdon-les-Bains, Switzerland) was used to measure the water velocity at each trapping site within the fishways. Lee Y.J., et al.
Chemical Analysis
To investigate the relationship between fish communities and water quality, we obtained water quality data for the months in which monitoring was conducted at each site using the Ministry of Environment Water Information System (http://water. nier.go.kr). The water quality variables analyzed in this study were total nitrogen (TN), total phosphorus (TP), biological oxygen demand (BOD), suspended solids (SS), and chlorophyll-a (CHL-a).
Fish Guild Analysis and Multi-Metric Biological
Health Assessments
The fish collected at each sampling site were categorized by tolerance guild as follows: sensitive species (SS), which disappear rapidly because of water pollution or disturbance; tolerant species (TS), which possess some degree of tolerance; or intermediate species (IS), whose tolerance level is between those of the other two species. The fish were also categorized by trophic guild: omnivores (O), insectivores (I), carnivores (C), and herbivores (H) [45] . We evaluated biological health using a multimetric fish health assessment model based on the IBI. We used a version of the IBI model that was originally developed by Karr [46] and revised by An et al. [47] in accordance with the ecological habitat in Korea, then established as the model for the assessment of ecosystem health [42] . This multimetric assessment model used a total of eight metrics, with each metric given a value of 1, 3, or 5 and the scores summed at the end. The grading system in the model was based on the standards set by the Ohio Environmental Protection Agency (EPA) [48] and the U.S. EPA [49] , with A (excellent condition) ranging from 36 to 40, B (good) from 26 to 35, C (fair) from 16 to 25, and D (poor) less than 15. The assessment model for the efficiency of ice harbor fishways was developed by Choi et al. [41] , and we used these criteria to assess the fishways. This assessment model was based on nine metrics, including structural metrics, hydrological metrics, and biological Table 1 . Fish species composition in the fishways of the Geum River (G-R), Yeongsan River (Y-R), and Nakdong River (N-R) watersheds; only fish species with >1.0% relative abundance are shown. 
Statistical Analysis
To analyze the spatial and seasonal differences in fish passage through the fishways, we conducted one-way analysis of variance (ANOVA) using SPSS v. 22.0 KO for Windows (IBM, Armonk, NY, USA). We conducted regression analyses and correlation analyses using SigmaPlot v. 10.0 (Systat Software, San Jose, CA, USA).
Results and Discussion
Fish Fauna and Compositions
A total of 42 species and 6,815 individuals were collected in the three different watersheds ( Table 1) . The most dominant fish species were E. erythropterus (28.5%) and Lepomis macrochirus (10.9%), followed by Squalidus japonicus coreanus (9.6%), Hemibarbus labeo (9.3%), Coilia nasus (7.2%), and M. salmoides (5.4%). The movement of dominant E. erythropterus along fishways from downstream to upstream of the weir typically results in a critical imbalance in fish communities because E. erythropterus is a carnivore that feeds on domestic species, a problem that requires a solution. E. erythropterus dominated the community by 15.5% in the G-R fishway, whereas its abundance was low in the Y-R fishway. The presence of L. macrochirus (bluegill), the subdominant species, was confirmed upstream of weirs in the G-R watershed. In the Y-R and N-R watersheds, this species was present upstream, downstream, and in the fishways. The dominance rate in the Y-R was particularly high (31.3%). Three exotic fish species were collected -Lepomis macrochirus, Micropterus salmoides, and Carassius cuvieri, and their overall relative abundance was 16.3%. L. macrochirus, which is a top carnivore that exerts high predation pressure, made up the highest proportion (66.8%) among the three exotic species. Exotic species distribution in the stream ecosystem cannot be directly explained by water chemistry only, but other environmental factors should be considered.
Trophic Guilds and Tolerance Guild Analysis
Trophic guilds were assessed in the regions upstream and downstream of the weirs (Fig. 3) . The proportion of omnivores was highest in the G-R watershed, and the proportion of insectivores was highest in the Y-R watershed (38.1%). This appeared to be due to the dominance of L. macrochirus, which was approximately 10% near the N-R watershed. The proportion of 
Seasonal Variation of the Fish Composition in the Fishways
Based on the periodic characteristics of fish collected from traps in the G-R watershed fishway (Fig. 3) , a maximum of eight species (first survey) and a minimum of four species (fifth survey) were observed, with an average of six species throughout the research period. According to analyses of the number of fish species and population size, a maximum of 347 individuals (first survey) and a minimum of six individuals (fifth survey) were collected, with an average of 165 individuals throughout the research period, with a general decreasing trend in the number of species and population size. The number of species (four) and individuals (six) collected in the fifth sampling period (October) was particularly low. This appeared to have been caused by rapidly decreasing water temperatures and the consequently slower metabolism and swimming ability of the fish. In the N-R watershed fishways, a maximum of four species (third survey) and a minimum of two species (first and fifth surveys) were collected, with an average of three species appearing throughout the research period. Regarding the overall size of the fish population, a maximum of 585 individuals (second survey) and a minimum of 21 individuals (fifth survey) were collected, with an average of 216 individuals throughout the research period. E. erythropterus in particular had a relative abundance of 95.7% and 97.1%, respectively, in the first and second surveys. They appeared to constitute the majority of the ascending fish population owing to their spawning season. Conversely, the proportion of E. erythropterus was 78-90% throughout the third to fifth study periods; this was attributed to their large size and superior swimming ability relative to other species.
During the monsoon season from July to August, no exotic fish were found in the G-R watershed, although they were found in the Y-R and N-R watersheds (Fig. 4) . Their proportion in the Y-R fishways was approximately 20% in the premonsoon period, increased by 60% during the monsoon, and then fell to <30% in the postmonsoon period. This indicates that the exotic fish passed through the weirs during periods of high flow, further extending their distribution. The exotic fish were observed only during the monsoon in the N-R fishways. The proportion of the dominant species in the G-R fishways, S. coreanus, was 80% before the monsoon; however, during the monsoon, this declined to 10%, and this species was nonexistent after the monsoon. In the Y-R fishways, L. macrochirus, the dominant species, constituted only 10% prior to the monsoon period, increased to approximately 60% during the monsoon, and dropped off to 30% after the rainfall. In the N-R fishways, there were no rainfall-related changes in the proportion of the dominant species, E. erythropterus, which remained consistent at approximately 95%. With increased flow rates upstream and downstream of the weirs and fishways owing to rainfall, the smaller S. coreanus were unable to use the fishways, as they could not pass through them. Conversely, the flow rate increase did not impact E. erythropterus, a large species, which demonstrates that the results varied based on fish size. Changes in the proportion of omnivores following the monsoon season indicated a trend toward fewer omnivores compared to other regions of the G-R and Y-R watersheds, and the rate of change in the fishways of the G-R watershed region was higher than that in the Y-R watershed. In the N-R watershed, no omnivorous fish species were collected.
The Relationship between Fish Passage and Water Velocity
The analysis of fish passage in the trap monitoring of the G-R fishway (Fig. 5) showed that 7 species and 314 individuals were collected in Trap 1 (Tr-1), 8 species and 78 individuals were collected in Tr-2, and 8 species and 129 individuals were collected in Tr-3. The highest number of individuals (827) was collected in Tr-5. The proportions of Tr-1 and Tr-5 were 38% and 20%, respectively, which indicates that fish preferred the edges of the fishways. Flow regime analysis in the fishways showed that the velocity averaged 1.0±0.31 m/s at Tr-1, 1.1±0.16 m/s at Tr-2, 1.12±0.29 m/s at Tr-3, 1.18±0.08 m/s at Tr-4, and 0.92±0.13 m/s at Tr-5. These results indicate substantial differences in the current velocity depending on the location of the trap within the fishway. Moreover, the flow speed was the slowest at Tr-1 and Tr-5, where the greatest number of fish were collected, which indicates that many fish moved through opposite ends of the fishways where the flow velocity was slower. 
Stream Health Assessments in the Weirs and the Relationship between Fish Guilds and Water Chemistry
Ecological health, based on fish multi-metric model, was evaluated in the upstream of three weirs ( Table 2 ). The health model value averaged 17.6 in G-R fishway, indicating a fair condition ('C'), while the values in Y-R and N-R fishways were 14.8 and 15.2, respectively, with 'D' and poor condition. Based on changes to total metric values throughout the study period, the values for G-R were highest in the 1st study (April) and the 4 th study (August) with a metric value of 20. It was lowest with 14 in the 3 rd study (June), indicating that health declined with rising water levels and flow volume. The model value was highest (18) on July in the Y-R; however, it was 14 in all other studies, or at the "poor condition." In particular, during the rainy season (3 rd study), the rise in relative abundance of L. macrochirus, both the dominant species and insectivores, led to higher values in M5 (native omnivore ratio), for M1 (total number of native fish species), resulting in a total of 10 species, causing differences with other study periods. Upstream of weirs in the N-R, the M5 score was the highest possible for the metric during the 3 rd to 5 th study periods. The dominance of carnivores and extremely low proportions of omnivores indicated changes to metric values throughout the study period. All three upstream regions resulted in values of '1', lowest metric, for M2 (number of riffle benthic species), M3 (number of sensitive species), and M4 (percentage of individuals as tolerant species). For M8, which illustrates the portion of individuals with abnormalities, no such individuals were collected and thus the value given was the highest possible score, '5.' In the case of metrics with the lowest values possible, the construction of the weir led to longer periods of water remaining upstream, increasing sedimentary deposits and creating a fish community structure in which it was impossible for riffle benthic species to survive; as such, this appears to have led to the phenomenon of dominance by tolerant species, omnivores, and carnivores.
Based on fish tolerance guilds and water quality parameters, the proportion of TS collected upstream in watersheds (Fig. 7) per study period was generally very high, averaging more than 70%. The proportion of SS was less than 3%, a significant difference between the proportions. By location, in the G-R watershed, the proportions of SS and TS were highest in the June study period; in the Y-R watershed, SS appeared throughout all study periods, but their proportion was less than 1%. In the N-R watershed, no SS were collected.
In the analysis of water quality, the average concentrations of TN and TP were higher than 1.5 mg/L and 35 µg/L, respectively. According to the standards 
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Number of riffle benthic species 1 (1) 1 (1) 1 (0) 1 (0) 1 (1) 1 (0) 1 (0) 1 (2) for stream trophic states [50] upstream of weirs, this indicates a eutrophic state. In the G-R, this status decreased during the rainy season and increased after the end of the rainy season. In the Y-R watershed, TP continued to increase. In the N-R, the rainfall in July brought a large influx of nutrients from surrounding regions, resulting in a drastic increase in TN and TP concentrations, although these levels fell after the end of the rainy season. BOD averaged less than 4 mg/L, with no significant differences among study periods. The N-R experienced a drastic increase in suspended solids from an average of 4 mg/L to 30 mg/L, showing a similar Fig. 6 . Variation in fish tolerance guild and water quality metrics in 2016 (X-axes = sampling month).
Fish Community Dynamics in the Artificial... trend to that of TN and TP, which were indicators of eutrophic states. CHL-a ranged from 40 to 100 µg/L, which indicates eutrophic conditions at all locations according to the stream nutritional status standards set by Dodds et al. [50] . Water quality appeared to have decreased with increased hydraulic water residence time and became stagnant, which then resulted in higher concentrations of pollutants. For the fishway in the G-R watershed, we compared our results with those of the Environment Foundation Research Work on the G-R watershed from 2012-2015 [51] to assess changes in the numbers of species and individuals by year (Fig. 7) . In 2013, following the construction of the weir, a total of 17 species and 634 individuals were collected, with E. erythropterus the dominant species and Hemiculter eigenmanni the subdominant species. In 2014, a total of 17 species and 399 individuals were collected, with H. labeo the dominant species and Opsariichthys uncirostris amurensis the subdominant species. In 2015, a total of 10 species and 612 individuals were collected; the dominant species was Microphysogobio jeoni and the subdominant species was E. erythropterus. In this study in 2016, a total of 12 species and 827 individuals were collected; the dominant species was S. japonicus coreanus and the subdominant species was H. labeo, which indicates distinct differences in abundance and composition in the fishways.
Many M. salmoides migrated using the fishway after the construction of the J s -w; however, the number of individuals decreased rapidly from the 2014 research period to this study in 2016. Overall, we found differences in dominant species by year; however, there were few species composition differences between the previous study and this one. However, the number of individuals using the fishway decreased in the 2016 study period compared to the other periods. Moreover, the decreasing trend continued over time. In the 2012 research period, Culter brevicauda,, a Level II Endangered species, migrated using the fishways, but they have not been found in the fishways since 2012. We compared the results of this study for the fishway at the N-R watershed to evaluations of fish passage efficiency at D s -w [52] conducted in 2013. After the construction of D s -w, the 2013 study collected a total of 15 species and 1,119 individuals; the dominant species was E. erythropterus, and the subdominant species was Squalidus chankaensis tsuchigae. A total of 6 species and 1,082 individuals were collected in the present study, and the dominant species were E. erythropterus and H. labeo. Thus, the dominant species were the same as those in the 2013 study, and they remained at high proportions.
Fishway Efficiency Evaluations
The multimetric fishway assessment model, based on the approach of Choi et al. [41] , was used to evaluate the ice harbor fishways. The key metrics consisted of structural, hydrological, and biological characteristics: M1, slope of fishway; M2, ratio of fishway width to stream width; M3, orifice clogging proportion/size; M4, depth at fishway entrance; M5, depth at exit tail; M6, current velocity within fishway; M7, ratio of fish species within fishway to upstream/downstream of weir; M8, fish length distribution in fishway; and M9, proportion Table 3 . Assessment of fish passage efficiency using a multimetric fishway assessment model (Mm-FA model).
Fish Community Dynamics in the Artificial... of migratory fish species. We used this multimetric fish assessment model to evaluate the efficiency of the three ice harbor fishways (Table 3) . The fishway has a slope appropriate for the ascent of fish, and the spillway depths at its entrance head and exit tail are appropriate for swimming and jumping of fish. Moreover, as it was shown that species living in upstream and downstream reaches of the weir use the fishway, the fishway efficiency was high. In order to apply the Mm-FA model to weirs of various sizes, it was deemed necessary to adjust several metric properties and characteristics of indices. When applying the adjusted model to weirs in the four major rivers of Korea, the Mm-FA model will be a core model, suitable for evaluation of fishway efficiency.
Structural Conditions of Fishways
The structural metric of slope (M1) evaluated fish passage efficiency. Noonan et al. [53] showed that fish passage was most efficient when the slope was less than 3%. Efficiency was lowest in fishways with slopes higher than 10%. All ice harbor fishways in the watersheds had the same slope of 1:20, with the highest possible score of 4. However, most ice harbor fishways in Korea have a gradient of 1:20, so this will need to be adapted for future applications of this model.
The M2 metric, the ratio of fishway width to stream width, was used to evaluate the movement of migratory fish species in the artificial weirs. The Korean Ministry of Environment (MEK) [54] suggested that the size and flow volume for fish passage must be considered when fishways are constructed. In this study, all fishways had a narrower width than rivers (0.01-0.03), which indicates a low score of 1 for the ratio of fishway width to stream width.
The M3 metric evaluated orifice clogging size and its effects on fish movement. The presence of sediments within a fishway clogs its orifices, restricting the movement of benthic fish species. In this study, the orifices were not clogged; however, we determined that their diameters were small and restricted the movement of benthic species, for a final metric score of 2.
Hydrological Conditions
The hydrological metrics were the depth at the fishway entrance (M4) and the depth at the exit tail (M5). These metrics influence the flow velocity of fish passing through the fishway. The M6 metric evaluated swimming ability and jumping capability in the fishways. These hydrological metrics indicated that the depth of the fishway entrance of the G-R fishway (37 cm) led to a blockage caused by the weir, resulting in the lowest score of 1 for hydrological characteristics (M4). The flow velocity of the G-R fishway was the fastest among the three fishways at 1.10 m/s, with a score of 2, lower than that of the Y-R and N-R fishways with scores of 4 and flow velocities of 0.7 m/s.
The fishway at the Y-R watershed weir had an entrance depth of 19 cm, suitable for fish movement, and was given a score of 3. The depth of the exit tail was 25 cm and was scored as 2. The fishway at the N-R watershed weir had an entrance depth and exit tail depth of 27 and 24 cm, respectively, and a score of 2.
Biological Conditions
The M7 metric assessed the ratio of fish species within the fishway to upstream and downstream of the weir and evaluated the diversity and abundance of fish species passing through the fishways. Approximately 43% of the total fish species (9 out of 21) used the fishway in the Y-R watershed; the score was 4, which indicates higher usage of the Y-R fishways compared to the fishways at the other two watersheds.
To evaluate the relationship between fish species passing through the ice harbor fishway and current velocity, we assessed the number of species within the fishway and upstream and downstream of the weir versus the number of species passing through the fishway (Fig. 8) . Fish passage was inversely related to current velocity in the fishways.
Increased current velocity decreased the number of species using the fishway, and some fish species were unable to migrate upstream.
MEK [54] emphasized that the ability of a fish to migrate through a fishway depends on species and total length. Most fish were able to migrate at a flow velocity of 0.5-1.0 m/s. In the three fishways, the current velocity was 0.9±0.22 m/s during the study period, and it was 47.7±14.9%. Regression analyses of fish passage efficiency showed a significant negative correlation (R 2 = 0.463, P<0.05, n = 11) with current velocity. Overall, the model score for fish passage efficiency in the fishways was 20 (bad) in the G-R watershed, 25 (good) in the Y-R watershed, and 23 (bad) in the N-R watershed. The Y-R fishway was suitable for fish passage, but the other two were not. The G-R and N-R fishways should be restored to improve fish passage in those rivers.
